The growth of Saccharomyces rouxii and Saccharomyces mellis, which are two of the main spoilage organisms of dates, can be inhibited by various treatments. The most effective treatment found in this study that did not affect flavor consisted of a predip of the dates in 2% potassium sorbate solution foltowed by injection of methyl bromide into the sealed package.
The growth of Saccharomyces rouxii and Saccharomyces mellis, which are two of the main spoilage organisms of dates, can be inhibited by various treatments. The most effective treatment found in this study that did not affect flavor consisted of a predip of the dates in 2% potassium sorbate solution foltowed by injection of methyl bromide into the sealed package.
Dates have long been recognized as an energy-rich food throughout many countries of the world. About 22,000 tons of dates are harvested annually in the United States, giving a return to the grower of more than $3,000,000. Normally, these dates are quite dry when harvested and seldom create a microbial spoilage problem. However, if they are marketed at this moisture level, which is usually around 21%, the consumer complains about their hardness. The texture of dates can be softened by hydrating them to 24% moisture or higher, depending upon the amount of sugar inversion that has occurred. At this moisture level, yeast spoilage of the dates can be a problem (10) .
Microbial spoilage in dates, as well as prunes and figs, has generally been controlled in the past by an epoxide treatment. The epoxides have a high degree of killing power and produce essentially a sterile product (3, 9, 12) . However, in the past few years the use of epoxides on dried fruits has been prohibited. Since then, the major prune and fig processors have used potassium sorbate for treating high-moisture fruits (7) . The present study was undertaken to determine the effectiveness of potassium sorbate and its derivatives (11) as well as other potential antimicrobial agents in retarding microbial spoilage of processed dates.
MATERIALS AND METHODS Untreated Deglet Noor dates, pitted and unpitted, packaged in 9-kg bulk cartons, were obtained from Indio, Calif. The dates were divided into two batches and their moisture levels were adjusted in a steam chamber to 22% and 27 to 30%, respectively. The 22% moisture dates were used in dip treatments, which resulted in a final moisture after treating of 28 to 30%. The dates were hydrated to a high moisture level for this study to provide conditions in which spoilage was certain to occur without treatment.
Dates were inoculated after hydration with approximately equal numbers of the osmophilic yeasts, Saccharomyces rouxii (Zygosaccharomyces japonicus) and Saccharomyces mellis, which are two of the main spoilage organisms of dates (5 Methyl and propyl p-hydroxybenzoates are members of a group of antimicrobial agents known to retard mold and yeast growth in certain commodities (4). Dates were dipped in propyl p-hydroxybenzoate solutions of various concentrations (Table 2) . Even a 0.5% dip provided protection for about a month, and a 2% dip inhibited microbial growth for the full 90-day storage period. However, off-odor and flavor were imparted to the dates at this higher treatment level. Therefore, it appears that these hydroxybenzoates cannot by themselves be useful in inhibiting microbial growth on high-moisture dates.
Numerous other treatments were tried with varying success (Table 3) . When 20 ml of nitrous oxide and 4 ml of diethyl pyrocarbonate were added to 160 g of dates, no protection was obtained; also, 2% dips in 3-acetyl-4-hydroxy coumarin and octylgallate were ineffective. However, dips in 2% solutions of obtusastyrene or calcium propionate, or isomaltol vapor treatment extended storage life up to a maximum of 2 weeks. Heating was also investigated, but excessive heat caused the dates to darken noticeably. Darkening also seemed to occur more readily as the moisture level of the dates increased.
Ethyl sorbate, a derivative of sorbic acid, when added to the bags of packaged dates, did not provide microbial protection. However, if the sealed packages were heated for a few minutes to vaporize the ethyl sorbate, protection was provided depending upon concentration (Fig. 1) . Full protection was realized at a 0.3% treatment level; however, dates treated at this level also had a possibly objectionable odor which would limit the usefulness of this treatment.
Methyl bromide gas is widely used for the ++, +++ = '3, 33, and all fumigation of dried fruits to prevent insect infestation. This gas was investigated for its effectiveness against microorganisms on fruits. When dates were treated at levels of 1 to 10 ml of gas per package, varying degrees of protection were obtained (Fig. 2) . Only the 10-ml gas injection gave complete protection. Yet, this effective treatment imparted an off-odor to the dates.
At this point, studies were undertaken to determine whether combination treatments would result in an increased antimicrobial activity at chemical concentrations below the odor and flavor thresholds. Potassium sorbate (2% dip) was used as the first primary treatment, because it did not impart a noticeable flavor change at this level, and various other chemicals were added as secondary treatments. When methyl bromide was added to inoculated sorbate-treated dates, microbial protection was obtained with as little as 0.5 ml of gas (Table 4 it could be detected in the treated dates. The usefulness of this combination treatment is questionable. Possibly the effectiveness of the formate could be increased by a short heating in the sealed package to vaporize it quickly. The best overall method for prevention of yeast spoilage in this series of experiments was the combination sorbate-methyl bromide treatment. Other procedures provided protection but imparted a flavor or odor change to the moisturized dates. The sorbate or sorbate-ethyl formate treatment could have some application possibilities if either the microbial level or the moisture level of the dates is sufficiently low.
The effectiveness of antimicrobial agents is increased as the moisture content of the fruit is decreased (2) . This knowledge, plus the information on the effectiveness of various chemical or chemical treatment combinations, can be used to produce packaged succulent dates free from microbial spoilage.
